The ability to interpret epidemiologic observations is limited because of potential residual confounding by correlated dietary components. Dietary pattern analyses by factor analysis or partial least squares may overcome the limitation. To examine confounding by dietary pattern as well as standard risk factors and selected nutrients, the authors modeled the longitudinal association between alcohol consumption and 7-year risk of type 2 diabetes mellitus in 2,879 healthy adults enrolled in the Framingham Offspring Study (1991)(1992)(1993)(1994)(1995)(1996)(1997)(1998)(1999)(2000)(2001) by Cox proportional hazard models. After adjustment for standard risk factors, consumers of !9.0 drinks/week had a significantly lower risk of type 2 diabetes mellitus compared with abstainers (hazard ratio ¼ 0.47, 95% confidence interval (CI): 0.27, 0.81). Adjustment for selected nutrients had little effect on the hazard ratio, whereas adjustment for dietary pattern variables by factor analysis significantly shifted the hazard ratio away from null (hazard ratio ¼ 0.33, 95% CI: 0.17, 0.64) by 40.0% (95% CI: 16.8, 57.0; P ¼ 0.002). Dietary pattern variables by partial least squares showed similar results. Therefore, the observed inverse association, consistent with past studies, was confounded by dietary patterns, and this confounding was not captured by individual nutrient adjustment. The data suggest that alcohol intake, not dietary patterns associated with alcohol intake, is responsible for the observed inverse association with type 2 diabetes mellitus risk. alcohol drinking; bias (epidemiology); confounding factors (epidemiology); diabetes mellitus, type 2; diet; factor analysis, statistical; least-squares analysis; proportional hazards models Abbreviations: CI, confidence interval; HR adj , hazard ratio adjusted for potential confounders; HR unadj , hazard ratio unadjusted for potential confounders.
Residual confounding is an important concern in observational studies focusing on individual dietary factors and health outcomes. For example, habitual intake of alcohol is associated with lower incidence of cardiovascular diseases (1) and type 2 diabetes mellitus (2) and higher incidence of some types of cancer (3) . However, it remains unclear whether the observed associations are fully attributable to alcohol intake itself, because of potential residual confounding by unadjusted dietary factors that covary with alcohol intake.
In observational studies relating individual dietary factors to health outcomes, confounding by dietary components is conventionally controlled by a limited number of dietary factors. Selection of the covariates is often subjective, and it is unclear whether the selected covariates minimize confounding and whether the observed association is independent of dietary patterns. To our knowledge, no study relating a single food or nutrient to a health outcome has addressed the issue of residual confounding by correlated foods and dietary patterns.
Various dietary pattern approaches have been used in the field of nutritional epidemiology (4) (5) (6) (7) (8) . The advantage of this approach includes aggregation of the small effects of individual foods and the feasibility to examine protective or detrimental associations between overall diet and heath outcomes. This advantage raises the possibility that the dietary pattern approach can aggregate small confounding by dietary factors. Although confounding by individual foods or nutrients may be negligible, net confounding by correlated foods or patterns could result in biased associations between individual foods or nutrients and health outcomes (9) . Therefore, current dietary pattern techniques may be useful to aggregate and adjust for the net confounding by multiple correlated foods.
We used the dietary patterns approach to examine potential residual confounding of the association between habitual alcohol intake and incident type 2 diabetes mellitus. An association between alcohol and a disease is particularly susceptible to confounding by dietary patterns, because many earlier studies demonstrated that alcoholic beverages tend to be consumed with certain foods or specific dietary patterns (5, 6) . In this report, we quantified the potential confounding of dietary patterns on the association between alcohol consumption and incident type 2 diabetes mellitus and determined whether the association was attributable to alcohol itself or dependent on dietary patterns related to alcohol consumption.
MATERIALS AND METHODS

Study population
The Framingham Offspring Study is a community-based, prospective, observational study initiated in 1971 among the offspring generation of the original Framingham Heart Study (10, 11) . During the fifth examination cycle (1991) (1992) (1993) (1994) (1995) of the Framingham Offspring Study (the baseline visit for these analyses), 3,799 participants underwent a standardized medical examination. The participants were followed up for 7 years on average from baseline to the sixth (1995) (1996) (1997) (1998) and seventh (1998) (1999) (2000) (2001) examinations. The times of failure and censoring for type 2 diabetes mellitus cases and noncases were determined by the baseline and follow-up examination dates. Type 2 diabetes mellitus in this study was defined as being on an oral hypoglycemic drug or insulin use or having a fasting glucose level of !126 mg/dL (7.0 mmol/L).
Dietary assessment
At the fifth examination, we assessed habitual dietary consumption using a 126-item semiquantitative food frequency questionnaire (12, 13) . Participants were asked to choose 1 of 9 categories to indicate how often, on average, they had consumed given amounts of various specified foods during the past year. Nutrient intakes were calculated by multiplying the frequency of a food item with each prespecified portion size and the nutrient composition for that item. The external reproducibility and validity of the food frequency questionnaire are described elsewhere (13) (14) (15) (16) . Correlation coefficients of repeated measures of dietary pattern scores and those by different dietary assessment tools ranged from 0.45 to 0.74 (14) . The correlation coefficients of alcohol intake estimates in different studies were highly consistent in various cohort studies, ranging from 0.65 to 0.88 (15) (16) (17) . Habitual alcohol intake was estimated as the sum of consumption frequencies of 4 types of beverages: red wine, white wine, beer, and liquor. For these analyses, alcohol consumption was classified into 5 categories: abstainers and approximate quartile categories based on the frequency of alcoholic beverage consumption among drinkers. Other measures of alcohol intake, such as grams per day, yielded similar results.
Exclusion criteria
Individuals who had been diagnosed with type 2 diabetes mellitus at baseline (n ¼ 298) were ineligible for these analyses. We excluded 381 individuals because their dietary data were deemed to be invalid on the basis of the following criteria: estimated daily caloric intake <600 kcal/day (2.51 MJ/day), !4,000 kcal/day for women, !4,200 kcal/day for men, or !12 blank items on their food frequency questionnaire (18) . We excluded an additional 193 individuals without follow-up information on outcome measures and 48 individuals without information on covariates: body mass index (kg/m 2 ), weight change during follow-up, high density lipoprotein cholesterol, systolic or diastolic blood pressure, and a fasting glucose concentration. Those with missing variables were not associated with alcohol consumption (P ¼ 0.6) and were more likely to be old, men, and current smokers and less likely to be physically active (P < 0.05). Multiple imputations (100 imputations) conditional on the predictors of missingness showed no differences in results and no appreciable gain in precision. For the sake of simplicity, we present only the complete-case analysis.
Statistical analyses
Descriptive statistics. Descriptive statistics were obtained for 3 of the 5 alcohol consumption groups: abstainers and the second and fourth quartile groups of drinkers. For continuous variables, means and standard deviations were estimated. For categorical variables, frequencies and percentage across groups determined by alcohol consumption were calculated. Bivariate associations were tested by analysis of variance for continuous variables or chi-square tests for categorical variables.
Cox proportional hazard model. To test the association between alcohol consumption and type 2 diabetes mellitus risk and confounding of the association by covariates, we used a Cox proportional hazard regression model to estimate the hazard ratios of 4 quartile groups of alcohol drinkers relative to abstainers. The results did not alter materially when abstainers were excluded, and the lowest drinking frequency group among drinkers was used as the referent group (data not shown), indicating no serious bias due to inclusion of abstainers or former drinkers as reviewed previously (2) . Ties of the failure and censoring time were corrected by Efron approximation to yield valid hazard ratios (19) . The regression model included the following covariates for statistical adjustment: age (<50, 50-64, or !65 years of age), parental history of diabetes (yes/no), body mass index (<25.0, 25.0-29.9, or !30.0 kg/m 2 ), hypertension (blood pressure >130/85 mm Hg or receiving therapy), hyperglycemia (fasting blood glucose 100-126 mg/dL), triglyceride concentration (!150 mg/dL), low high-density lipoprotein cholesterol concentration (<40 mg/dL for men and <50 mg/dL for women), and sex and weight change over the follow-up (quintiles); these standard factors were shown to predict diabetes risk in the same study cohort (20) . Caloric intake (quintiles) was also included in the model to allow isocaloric interpretation; a residual technique was also performed (21) but not presented because it had no impact on the results. Other variables, such as smoking status, menopausal status for women, multivitamin use, and physical activity, were considered as covariates, but those results were not presented because the inclusion of these additional covariates did not affect our estimates.
Statistical tests for confounding. Statistical tests for confounding were conducted by estimating a ratio of the hazard ratio adjusted for potential confounders (HR adj ) and the hazard ratio unadjusted for these factors (HR unadj ) as a measure of confounding, that is, HR adj /HR unadj ratio (22) . For example, if the ratio was 0.9, adjustment for the tested covariates would reduce the hazard ratio by 10%. Comparing the hazard ratio of those with the highest drinking frequencies with that of abstainers, we tested for confounding by the following nutrients: saturated fatty acids, polyunsaturated fatty acids, trans-fatty acids, glycemic index, and dietary fiber. These were used as covariates in the previous studies relating alcohol consumption to type 2 diabetes mellitus risk (23, 24) . As in the past studies, these dietary covariates were residualized separately by total caloric intake and then converted to categorical variables (quintile) (21) .
Dietary pattern variables. To address our main hypotheses, we tested confounding on the hazard ratio estimates by dietary patterns. Variables representing dietary patterns were generated by maximum likelihood factor analysis and partial least-square analysis (6, 8, 25, 26) . Both methods derived uncorrelated latent variables; in factor analysis, variables were generated to linearly predict covariance among food groups including alcoholic beverages; in partial leastsquare analysis, variables were generated to predict variation of 4 alcoholic beverages (beer, red wine, white wine, and liquor) by food groups. Coefficients for the combination were interpreted as characteristics of dietary patterns derived from factor analysis and partial least-square analysis. Other latent variable techniques were considered but not presented. Principal component analysis using the same food groups would derive components that are functions of alcoholic beverages, and therefore including the components as covariates in the regression model with the alcohol variable would be overadjustment (25) . Reduced rank regression was used to derive variables predicting alcoholic beverages, and the use of these variables yielded results similar to those from partial least-square analysis (8, 25) . The further methodological comparison is not presented because it is beyond the scope of this report.
For both factor analysis and partial least-square analysis, 40 food groups were created by grouping the 126 food items of the food frequency questionnaire, including alcoholic beverages (27) . The food group variables were logarithmically transformed to improve normality, after adding 1 to all variables to avert 0 for the log-transformation.
Factor analysis was used to derive 3 factors predicting the 40 food group variables including the 4 alcoholic beverages, involving orthogonal rotation to balance total eigenvalues. Different numbers of factors were considered but are not presented. The scree plot and eigenvalue <1.0 of prerotated factors both supported the 3-factor solution; when 1 or 2 factors were selected, the derived factors were little correlated with alcoholic beverage consumption and therefore considered inappropriate to test confounding; when !4 factors were selected, the overall conclusion was not substantially different from the presented results (data not shown). Latent variables were also derived from factor analysis not including alcoholic beverages as input variables, and use of the derived variables as covariates did not change our conclusion. These results are not shown, as this approach was considered inappropriate to capture correlations among alcoholic beverages and other foods.
For partial least-square analysis, the 3 latent variables were derived as a linear combination of the 36 food group variables predicting the 4 variables of alcoholic beverages: beer, white wine, red wine, and liquor. More variables could be derived, but not used, because of little impact on our results.
After derivation of the latent variables from factor analysis or partial least-square analysis, we used each or all of the latent variables as covariates in Cox proportional hazard models. Because the adjustment is analogous to adjustment for dietary factors correlated with alcoholic beverages, we also tested confounding by 36 food groups not including alcoholic beverages; the 36 log-transformed food group variables were simultaneously included in the regression model. Statistical adjustment for neither the latent variables nor the food group variables indicated issues of multicollinearity or overadjustment, according to variance inflation factors (<2.5) for variables of alcohol consumption in any models (28) .
All statistical analyses were performed by SAS, version 9.1, software (SAS Institute, Inc., Cary, North Carolina). Results were considered to be statistically significant if the associated 2-sided P values were less than 0.05 given the null hypothesis of HR adj /HR unadj equal to 1.0. Excluding heavy drinkers (i.e., those drinking 4 or more drinks per day, N ¼ 96) from the analyses as outliers did not alter our conclusions; hence, they were included in the highest frequency category of alcohol consumption.
Alternatively, using the same data from the Framingham Offspring Study cohort as presented herein, we also performed Cox proportional hazard regression analyses to test whether dietary patterns were associated with incident type 2 diabetes mellitus. These analyses are presented in supplementary material posted to the Journal's website (http:// aje.oxfordjournals.org/).
RESULTS
Compared with abstainers, those individuals with the highest frequencies of alcoholic beverage consumption were less likely to be women or to have a parental history of diabetes mellitus (Table 1) . They had a significantly lower mean body mass index, dietary glycemic index, and intakes of dietary fiber, saturated fatty acids, and trans-fatty acids.
Those with the highest frequency of alcohol consumption had significantly higher mean blood concentrations of total cholesterol, high density lipoprotein cholesterol, low density lipoprotein cholesterol, and fasting glucose, as well as a higher mean diastolic blood pressure. There were significant nonlinear associations for smoking status, hypertension, weight change, systolic blood pressure, and plasma triglycerides across the alcohol consumption groups. Of these variables, the lowest or the highest prevalence or mean value was observed in the light drinker group.
Loadings obtained from factor analysis and partial leastsquare analysis are depicted in Table 2 . The matrix from factor analysis indicates how consumption of alcoholic beverages was correlated with other food groups and that 3 patterns were typical in this population. For example, according to the factor we named ''Western,'' consumption of meat and processed meat was positively associated with beer consumption, but not with red or white wine. Partial least-square analysis indicated food groups predicting the variability of different types of alcoholic beverages. Pattern solutions were similar to those from factor analysis with respect to correlations between food and alcoholic beverage consumption.
Results from Cox proportional hazard regression analyses (Table 3) show that individuals with a higher frequency of alcoholic beverage consumption had a lower risk of diabetes. The crude model and the model adjusted for diabetes risk factors showed hazard ratios of 0.45 (95% confidence interval (CI): 0.27, 0.75) and 0.47 (95% CI: 0.27, 0.81), respectively. Adjustment for individual nutrients shifted the hazard ratio slightly; including all of the selected nutrients resulted in a hazard ratio of 0.53 (95% CI: 0.29, 0.94).
Results from the tests of confounding by the dietary pattern variables are also presented in Table 3 . Adjustment for Western and prudent patterns had little impact on the hazard ratios of interest, whereas the alcohol pattern shifted the adjusted hazard ratios away from the null more than 35%. c P values for the association of alcohol consumption with covariates were tested by analysis of variance for age for continuous variables and by chi-square tests for categorical variables. 
DISCUSSION
Using dietary pattern analyses and capturing correlations between alcoholic beverages and other food groups, we found that the association between alcohol consumption Abbreviations: HR adj , hazard ratio adjusted for potential confounders; HR unadj , hazard ratio unadjusted for potential confounders; PUFA, polyunsaturated fatty acids; SFA, saturated fatty acids.
a The confounding test ratio is the ratio of the hazard ratio adjusted for the indicated covariates in the first column over the hazard ratio adjusted for only the standard risk variables.
b Covariates: age (<50, 50-64, or !65 years of age), parental history of diabetes (yes/no), body mass index (<25.0, 25.0-29.9, or !30.0 kg/m 2 ), hypertension (yes/no, yes if >130/85 mm Hg or receiving therapy), hyperglycemia (<100 or 100-126 mg/dL), triglyceride concentration (!150 mg/dL or else), low high-density lipoprotein cholesterol concentration (yes/no, yes if <40 mg/dL for men and <50 mg/dL for women), sex, weight change over the follow-up period (quintiles), and total caloric intake (quintiles).
c All nutrients are quintiles of residuals derived from regressing on caloric intake.
and type 2 diabetes mellitus risk was significantly negatively confounded by dietary patterns. Adjustment for dietary pattern variables showed stronger inverse associations rather than attenuation. This indicates that consumption of alcoholic beverages was correlated with dietary patterns that were positively associated with type 2 diabetes mellitus risk. Moreover, dietary pattern analyses did not capture the benefit of drinking for reduced risk of type 2 diabetes mellitus in the study population, indicating that this association was independent of dietary patterns. The observed inverse association between alcohol consumption and type 2 diabetes mellitus risk was stronger than the one based on meta-analysis of past observational studies; the pooled risk ratio was estimated to be 0.72 (95% CI: 0.62, 0.84) comparing moderate alcohol drinkers with abstainers (2), whereas we showed hazard ratios of 0.47 after adjustment for the standard type 2 diabetes mellitus risk factors and 0.33 after additional adjustment for dietary patterns. The difference may be partially attributable to the lack of adjustment for dietary covariates in the past observational studies, under the assumption of negligible difference in study bases between studies, and therefore past studies likely underestimated the inverse association. Therefore, our study suggests that epidemiologic findings of this association were confounded by intakes of other foods, because alcoholic beverages are typically consumed with certain types of foods. Indeed, a dietary pattern characterized by high alcohol consumption was often identified in prior studies (5, 6) .
We demonstrated that dietary pattern analyses can aggregate small confounding effects by correlated foods and that derived pattern variables were useful for confounding adjustment. Using a dietary pattern technique is a novel approach to address the issue of confounding by multiple correlated food groups (9) . Importantly, adjustment for dietary pattern variables did not result in attenuation of the association between alcohol consumption and type 2 diabetes mellitus risk. This indicates that the dietary pattern variables failed to capture the benefit of alcohol consumption for type 2 diabetes mellitus risk reduction. This is plausible because factor and partial least-square analyses derive variables solely by capturing correlations among food groups (6) (7) (8) . Dietary pattern analyses may succeed in describing certain correlations among food groups, but not in characterizing the benefit of individual food groups. On the basis of our findings, dietary pattern analyses appear to be useful to characterize how food consumption covaries and to use the correlations for analyses and interpretation in studies of individual foods or nutrients.
To obtain dietary pattern variables, we used factor analysis and partial least-square analysis (6) (7) (8) . Factor analysis derived the variables from correlations between food groups including alcoholic beverages, whereas partial least-square analysis derived the variables from regression between alcoholic beverages and other food groups. The 2 sets of dietary pattern variables resulted in similar outcomes when used for statistical adjustment in examining the association between alcohol consumption and type 2 diabetes mellitus. As expected, the 2 techniques were informative about dietary patterns; factor analysis showed dietary patterns including alcoholic beverages, and partial least-square analysis showed the food groups predicting alcoholic beverages consumption. This information provided by the techniques and the usefulness of the derived variables as covariates may offer advantages over simultaneous statistical adjustment for food groups used as independent exploratory covariates. A slight difference appeared in the precision estimates from these techniques; in the present example, partial least-square analysis provided narrower confidence intervals. Wider confidence intervals, by using variables derived from factor analysis, are likely because the derivation of variables captured the variation unrelated to confounding from the correlations between alcohol and certain food groups. With regard to the information and usefulness of dietary patterns, the choice of partial least-square analysis, factor analysis, or other latent variable techniques, such as principal component analysis, needs further research. Use of these techniques should also be investigated regarding several assumptions, such as distribution normality and linear association among dietary variables.
It is noteworthy that our approach is similar to the propensity score approach with respect to application of a latent variable (29, 30) . A propensity score is generated by scoring the estimated probability of having a certain exposure level, and it is used as a covariate in a regression analysis, a matching factor, a stratification variable, or an inverse probability weight to control for confounding. We generated dietary pattern variables to collapse betweenfoods correlations and used the variables as covariates in regression analyses. In contrast to the propensity score technique, dietary pattern techniques allow practical interpretation of diet. Compared with studies of the propensity score technique with real and simulated data (31, 32) , adopting a dietary pattern approach for statistical adjustment may be premature. However, this technique shows potential to deal with multiple correlated confounders, and more discussion is warranted.
Strengths of our study include the longitudinal analyses based on a well-characterized, community-based cohort and the availability of high-quality data for both standard risk factors for type 2 diabetes mellitus and diet. One potential limitation of this study is that we could not test the previously reported hypothesis of U-shaped association between alcohol and type 2 diabetes mellitus risk (2) , because too few subjects in our cohort reported heavy drinking, defined as !5 drinks per day. Hence, this limits the generalizability of our results regarding heavy drinkers. Another limitation is the use of frequency data to assess habitual alcoholic intake. We could not examine potential associations between type 2 diabetes mellitus risk and consumption patterns, such as variability by day of the week, binge drinking, and temporal relations of alcohol and food intake.
In summary, our findings from the Framingham Offspring Study demonstrated that light to moderate alcohol consumption was inversely associated with type 2 diabetes mellitus risk, and that this association was independent of differences in diet between abstainers and drinkers. We demonstrated that the association was negatively confounded by correlations among food groups, and that adjustment for the correlated food groups by a dietary pattern approach strengthened the inverse association. In addition, we have shown that this dietary pattern approach to adjust for confounding can be useful in examining potential associations between individual foods or nutrients and disease outcomes. In conclusion, our findings add further evidence to support the hypothesis that moderate alcohol consumption is associated with a decreased risk for type 2 diabetes mellitus; however, we cannot recommend moderate alcohol consumption solely for the prevention of type 2 diabetes mellitus because of the potential adverse health effects associated with alcohol consumption (33, 34) .
